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©  Apparatus  and  method  for  automatically  filling  a  container  with  a  liquid. 
©  An  ultrasound  liquid  level  detector  system  for  automa-  within  the  c 
tically  controlling  the  dispensing  of  a  post-mix  beverage,  dispensing  o 
including  microprocessor-controlled  circuitry  for  monitoring  predetermine 
and  implementing  the  automatic  dispensing  process.  The  guards  progr 
microprocessor  is  interfaced  with  an  ultrasonic  transducer  operator  erroi 
which  transmits  ultrasonic  wave  energy  towards  the  contain-  devices  othei 
er  to  be  filled  and  receives  reflected  ultrasonic  wave  energy, 
the  characteristics  of  which  are  analyzed  within  the  micro- 
processor  to  implement  control  functions  of  the  automatic 
dispensing  process.  Dispensing  automatically  begins  as  a 
container  is  inserted  under  the  ultrasonic  transducer  into  a 
proper  position  beneath  a  post-mix  beverage  dispenser 
nozzle.  The  transducer  continuously  measures  the  distance 
between  the  top  or  lip  of  the  container  and  a  liquid/foam 
interface  of  a  carbonated  beverage  being  dispensed  into  the 
container.  Dispensing  stops  when  the  transducer  senses  a 
predetermined  level  of  carbonated  beverage  within  the 
container.  In  addition,  dispensing  is  initially  stopped  before 
the  liquid  level  reaches  the  top  of  the  container  to  allow  for 
dissipation  of  foam  on  the  top  of  a  carbonated  beverage  and 
dispensing  is  reinitiated  to  top  off  the  level  of  beverage 
adjacent  the  top  of  the  container.  The  disclosed  system  also 
utilizes  the  ultrasonic  transducer  to  measure  the  level  of  ice 

within  the  container  prior  to  dispensing  and  precludes 
dispensing  of  the  beverage  if  the  level  of  ice  exceeds  a 
predetermined  limit.  The  system  also  has  additional  safe- 
guards  programmed  into  the  microprocessor  to  preclude 
operator  errors  such  as  triggering  of  the  dispenser  system  by 
devices  other  than  the  container  to  be  filled. 
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BACKGROUND  OF  THE  INVENTION 

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  an  a p p a r a t u s   f o r  

a u t o m a t i c a l l y   f i l l i n g   a  c o n t a i n e r   w i t h   a  p o s t - m i x  
c a r b o n a t e d   b e v e r a g e .   More  s p e c i f i c a l l y ,   t he   p r e s e n t  
i n v e n t i o n   r e l a t e s   to  an  u l t r a s o n i c   l e v e l   d e t e c t o r   f o r  

a u t o m a t i c a l l y   c o n t r o l l i n g   t h e   f i l l i n g   of  a  c o n t a i n e r  

w i t h   a  c a r b o n a t e d   b e v e r a g e   w h i c h   t e n d s   to  f o r m   a  h e a d  

of  foam  t h e r e o n   d u r i n g   t h e   f i l l i n g   o p e r a t i o n .  

H e r e t o f o r e ,   a t t e m p t s   h a v e   been   made  to  p r o v i d e  

a p p a r a t u s   w h i c h   a u t o m a t i c a l l y   f i l l   b e v e r a g e   c o n t a i n e r s  

such   as  cups   in  r e s p o n s e   to  t he   p r o p e r   p o s i t i o n i n g   o f  

a  cup  u n d e r   a  b e v e r a g e   d i s p e n s e r   and  t h e n   t e r m i n a t e  

the   d i s p e n s i n g   o p e r a t i o n   when  a  p r o p e r   l i q u i d   l e v e l  

w i t h i n   the   cup  i s   a c h i e v e d .   The  l i q u i d   l e v e l   d e t e c t o r  

d e v i c e s   in  t h e s e  p r i o r   a r t   s y s t e m s   g e n e r a l l y   u t i l i z e  

e l e c t r i c a l   p r o b e s   s u c h   as  c o n d u c t i v e   or  c a p a c i t i v e  

p r o b e s   to  d e t e r m i n e   l i q u i d   l e v e l .  

-  T h e r e   a r e . a l s o   known  s y s t e m s   f o r   m e a s u r i n g   l i q u i d  

l e v e l   w i t h i n   c o n t a i n e r s   u t i l i z i n g   u l t r a s o n i c   t r a n s -  

d u c e r s   and  a s s o c i a t e d   d e t e c t o r   c i r c u i t r y .   H o w e v e r ,  

none  of  t h e s e   a p p e a r   to  have   been   i m p l e m e n t e d   f o r  

c o n t r o l l i n g   the   a u t o m a t i c   f i l l i n g   o p e r a t i o n   o f  

c a r b o n a t e d   b e v e r a g e   c u p s .  



The  u se   of  u l t r a s o u n d   has   d e f i n i t e   p o t e n t i a l  

a d v a n t a g e s   f o r   t h e   p u r p o s e s   of  c o n t r o l l i n g   a n  

a u t o m a t i c   f i l l i n g   o p e r a t i o n   of  b e v e r a g e   c u p s   in  t h a t  

t h e   u l t r a s o n i c   t r a n s d u c e r   may  be  u t i l i z e d   b o t h   f o r  

i n i t i a t i n g   t he   f i l l i n g   o p e r a t i o n   in  r e s p o n s e   t o  

d e t e c t i n g   t he   p r e s e n c e   of  a  cup  and  c o n t i n u o u s l y  

m o n i t o r i n g   t h e   l i q u i d   l e v e l   w i t h i n   t h e   cup  d u r i n g   t h e  

f i l l i n g   o p e r a t i o n   u n t i l   a  p r e d e t e r m i n e d   l i q u i d   l e v e l  

i s   a c h i e v e d .   B o t h   of  t h e s e   f u n c t i o n s   can  be  a c h i e v e d  

by  m o u n t i n g   an  u l t r a s o n i c   t r a n s d u c e r   a d j a c e n t   to   a  

d i s p e n s i n g   n o z z l e   of  t h e   p o s t - m i x   b e v e r a g e   d i s p e n s e r  

w i t h o u t   c l u t t e r i n g   t h e   a r e a   of  t h e   d i s p e n s i n g  m a c h i n e  

a d j a c e n t   to  t he   w o r k i n g   a r e a   w h e r e   t h e   cup  i s   to  b e  

d i s p o s e d .  

SUMMARY  OF  THE  INVENTION 

A c c o r d i n g l y ,   i t   i s   a  p r i m a r y   o b j e c t   of   t h e  

p r e s e n t   i n v e n t i o n   to  p r o v i d e   an  a u t o m a t i c   c u p - f i l l i n g  

a p p a r a t u s   u t i l i z i n g   an  u l t r a s o n i c   t r a n s d u c e r   f o r  

d e t e c t i n g   t h e   p r e s e n c e   of  a  cup  and  a u t o m a t i c a l l y  

c o n t r o l l i n g   t he   f i l l i n g   t h e r e o f   to  a  p r o p e r   h e i g h t .  

I t   i s  a  ' f u r t h e r   o b j e c t   of  t he   p r e s e n t   i n e n t i o n   t o  

p r o v i d e   a  f u l l y   a u t o m a t i c   c u p - f i l l i n g   m a c h i n e   f o r  

p o s t - m i x   b e v e r a g e   d i s p e n s e r s   w h i c h   d i s p e n s e s   u n i f o r m  

q u a n t i t i e s   of  b e v e r a g e   f o r   e a c h   s e r v i n g .  

I t   i s   a n o t h e r   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   t o  

p r o v i d e   a  s y s t e m   f o r   a c c u r a t e l y   f i l l i n g   c u p s   to  a  

p o s i t i o n   a d j a c e n t   t h e   t o p   l i p   even   when  f o a m i n g   of  t h e  

c a r b o n a t e d   b e v e r a g e   o c c u r s ,   to  c r e a t e   a  h e a d   of  f o a m  

t h e r e o n .  



I t   i s   s t i l l   a n o t h e r   o b j e c t   of  t h e   p r e s e n t  

i n v e n t i o n   to  p r o v i d e   an  a u t o m a t i c   c u p - f i l l i n g  

a p p a r a t u s   f o r   a  p o s t - m i x   b e v e r a g e   d i s p e n s e r   w h i c h  

m e a s u r e s   the   l e v e l   of  i c e   in  t he   cup  b e f o r e  t h e  

f i l l i n g   o p e r a t i o n   b e g i n s   and  p r e c l u d e s   the   a u t o m a t i c  

f i l l i n g   t h e r e o f   i f   t he   l e v e l   of  i c e   e x c e e d s   a  

p r e d e t e r m i n e d   l i m i t .  

I t   i s   s t i l l   a  f u r t h e r   o b j e c t   of  t he   p r e s e n t  
i n v e n t i o n   to  p r o v i d e   an  a u t o m a t i c   c u p - f i l l i n g  

a p p a r a t u s   i n c l u d i n g   an  u l t r a s o n i c   t r a n s d u c e r   w h i c h  

a c c u r a t e l y   d e t e r m i n e s   t h e   p r e s e n c e   of  a  cup  u n d e r   a  

d i s p e n s e r   n o z z l e   and  a v o i d s   a c c i d e n t a l   t r i g g e r i n g   o f  

t h e   a p p a r a t u s   by  o b j e c t s   o t h e r   t h a n   c u p s .  
I t   is   y e t   a n o t h e r   o b j e c t   of  t he   p r e s e n t   i n v e n t i o n  

to  p r o v i d e   an  a u t o m a t i c   c u p - f i l l i n g   o p e r a t i o n   w h i c h  

i n i t i a t e s   t he   f i l l i n g   c y c l e  i n   r e s p o n s e   to  t he   m a n u a l  

i n s e r t i o n   of  a  cup  i n t o   a  p r o p e r   p o s i t i o n   u n d e r   a  

d i s p e n s i n g   n o z z l e .  

I t   i s   a n o t h e r   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   t o  

p r o v i d e   s u i t a b l e   d e t e c t o r   c i r c u i t r y   f o r   p r e c l u d i n g   t h e  

r i n g i n g   of  s i g n a l s   r e f l e c t e d   f rom  t h e   cup  to  a s s u r e  

a c c u r a t e   i m p l e m e n t a t i o n   of  c o n t r o l   f u n c t i o n s   i n  

r e s p o n s e   to  t he   r e f l e c t e d   s i g n a l s .  

I t   i s  s t i l l   a  f u r t h e r   o b j e c t   of  t h e   p r e s e n t  

i n v e n t i o n   to  p r o v i d e   an  a u t o m a t i c   c u p - f i l l i n g  

a p p a r a t u s   u t i l i z i n g   an  u l t r a s o n i c   t r a n s d u c e r   i n  

c o n j u n c t i o n   w i t h   a  m i c r o p r o c e s s o r   p r o g r a m m e d   t o  

i m p l e m e n t   t he   d e s i r e d   c o n t r o l   f u n c t i o n s .  



The  o b j e c t s   of  t h e   p r e s e n t  i n v e n t i o n   a r e  

f u l f i l l e d   by  p r o v i d i n g   an  a p p a r a t u s   f o r   a u t o m a t i c a l l y  

f i l l i n g   a  c o n t a i n e r   w i t h   a  c a r b o n a t e d   b e v e r a g e   w h i c h  

t e n d s   to  fo rm  a  h e a d   of  foam  d u r i n g   t h e   f i l l i n g  

t h e r e o f   i n c l u d i n g :  

a  d i s p e n s e r   n o z z l e   f o r   d i r e c t i n g   t h e   f l o w   o f  

c a r b o n a t e d   b e v e r a g e   i n t o   an  o p e n i n g   in  t he   top   of  t h e  

c o n t a i n e r   or  cup  to   be  f i l l e d ,   t he   o p e n i n g   b e i n g  

d e f i n e d   by  a  s u r r o u n d i n g   l i p ;  

v a l v e   means   f o r   i n i t i a t i n g   the   f l o w   of  t h e  

c a r b o n a t e d   b e v e r a g e   to  t h e   d i s p e n s e r   n o z z l e   when  o p e n  
and  s t o p p i n g   t h e   f l o w   t h e r e t o   when  c l o s e d ;  

d e t e c t o r   means   f o r   m e a s u r i n g   t h e   l e v e l   o f  

c a r b o n a t e d   b e v e r a g e   in  t h e   c o n t a i n e r   b e i n g   f i l l e d ;  

a  f i r s t   c o n t r o l   means   r e s p o n s i v e   to  s a i d   d e t e c t o r  

means   f o r   c l o s i n g   s a i d   v a l v e   means  to  s t o p   t he   f l o w   o f  

c a r b o n a t e d   b e v e r a g e   to  s a i d  d i s p e n s e r   o u t l e t   when  s a i d  

c a r b o n a t e d   b e v e r a g e   r e a c h e s   a  p r e d e t e r m i n e d   l e v e l   i n  

t h e   c o n t a i n e r ;  

means   f o r   o p e n i n g   s a i d   v a l v e   means   to  r e i n i t i a t e  

t h e   f l o w   of  s a i d   c a r b o n a t e d   b e v e r a g e   i f   s a i d   l e v e l   o f  

b e v e r a g e   s u b s i d e s   f o l l o w i n g   t he   c l o s i n g   of  s a i d   v a l v e  

means   by  s a i d   f i r s t   c o n t r o l   means   by  more  t h a n   a  

p r e d e t e r m i n e d   d i s t a n c e   c a u s e d   by  d i s s i p a t i o n   of  t h e  

h e a d   of  foam;   a n d  

s e c o n d   c o n t r o l   means   f o r   c l o s i n g   s a i d   v a l v e   m e a n s  

when  s a i d   l e v e l   r e a c h e s   a  p r e d e t e r m i n e d   d i s t a n c e - f r o m  

s a i d   c o n t a i n e r   l i p .  

The  l i q u i d   l e v e l   d e t e c t i n g   f u n c t i o n s   a r e  

p e r f o r m e d   by  an  u l t r a s o n i c   t r a n s d u c e r   and  a s s o c i a t e d  

t r a n s c e i v e r   c i r c u i t r y   and  t h e   c o n t r o l   f u n c t i o n s   a r e  

i m p l e m e n t e d   by  a  p r o g r a m m e d   m i c r o p r o c e s s o r   s u c h   as  a  

M o t o r o l a   MC6801.  H o w e v e r ,   i t   s h o u l d   be  u n d e r s t o o d  



t h a t   the   c o n t r o l   o p e r a t i o n s   of  t h e   p r e s e n t   i n v e n t i o n  

c o u l d   be  i m p l e m e n t e d   w i t h   d i s c r e t e   l o g i c   c i r c u i t s   a n d  

c o m p o n e n t s   c o n f i g u r e d   to  p e r f o r m   the   c o n t r o l   f u n c t i o n s  

of  t he   p r e s e n t   i n v e n t i o n   i n s t e a d   of  u t i l i z i n g   a  

p r o g r a m m e d   m i c r o p r o c e s s o r .  

The  o p e n i n g   of  t h e   d i s p e n s e r   v a l v e   a n d ,  

t h e r e f o r e ,   t h e   i n i t i a t i o n   of  the   f i l l i n g   o p e r a t i o n ,   i n  

a c c o r d a n c e   w i t h   the   p r e s e n t   i n v e n t i o n   i s   t r i g g e r e d   b y  
the   p r o p e r   p o s i t i o n i n g   of  a  cup  to   be  f i l l e d   u n d e r   a  

d i s p e n s e r   n o z z l e   w h i c h   has  an  u l t r a s o n i c   t r a n s d u c e r  

d i s p o s e d   a d j a c e n t   to  t he   n o z z l e .   The  u l t r a s o n i c  

t r a n s d u c e r   t r a n s m i t s   u l t r a s o n i c   p u l s e s   t o w a r d   the   c u p  
to  be  f i l l e d   and  u l t r a s o n i c   wave  e n e r g y   i s   r e f l e c t e d  

f rom  the   cup  l i p ,   t he   cup  i n t e r i o r , a n d   s u p p o r t   t r a y   o n  

w h i c h   t he   cup  i s   s u p p o r t e d   to  p r o v i d e   the   n e c e s s a r y  
d a t a   w i t h   r e s p e c t   to  cup  p r e s e n c e ,   p o s i t i o n ,   and  t h e  

l e v e l   of  l i q u i d   or  i c e   t h e r e i n .   The  p r e s e n c e   of  a  c u p  
is  d e t e r m i n e d   by  d e t e c t i n g   the   same  l i p   s i g n a l   f o r   a  

s e r i e s   of  l i p   l e v e l   s i g n a l s   such   as  f o r   3  o u t   of  4 

p u l s e s   in  t h e   s e r i e s ,   and  i n i t i a t i o n   of  a  c u p - f i l l i n g  

o p e r a t i o n   i s   n o t   p e r m i t t e d   u n l e s s   t h i s   o c c u r s .   T h e  

i d e n t i t y   of  r e f l e c t e d   s i g n a l s   is  d e t e r m i n e d   by  t h e  

t ime   of  t h e i r   o c c u r r e n c e ,   as  c o m p a r e d   to   a  p u l s e  

t r a n s m i t t e d   f rom  the   u l t r a s o n i c   t r a n s d u c e r .   F o r  

e x a m p l e ,   a  r e f l e c t e d   s i g n a l   f rom  t he   cup  l i p   r e a c h e s  

the   t r a n s d u c e r   much  f a s t e r   t h a n   a  s i g n a l   r e f l e c t e d  

f rom  the   b o t t o m   of  a  cup.   A c c o r d i n g l y ,   t h e s e   s i g n a l s  

a r e   s p a c e d   in  t i m e   a l o n g   a  t i m e   a x i s   r e f e r e n c e d   t o  

u l t r a s o n i c   p u l s e s   t r a n s m i t t e d   f rom  t h e   t r a n s d u c e r ,   a n d  

can  be  i d e n t i f i e d   a c c o r d i n g l y .   L i k e w i s e ,   a  s i g n a l  

r e f l e c t e d   f rom  the   top   of  a  q u a n t i t y   of  i c e   in  a  



c o n t a i n e r   can  be  a n a l y z e d   on  such   a  t i m e   a x i s   t o  

d e t e r m i n e   t h e   l e v e l   of   i c e   in  the   cup  b e i n g   f i l l e d .  

In  a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n ,   f i l l i n g   o f  

t h e   cup  is  p r e c l u d e d   i f   t he   l e v e l   of  i c e   e x c e e d s   a  

p r e d e t e r m i n e d   l i m i t   p r i o r   to  t he   i n i t i a t i o n   of  t h e  

f i l l i n g   o p e r a t i o n .  

S i n c e   i t   is   d e s i r a b l e   in  a c c o r d a n c e   w i t h   t h e  

p r e s e n t   i n v e n t i o n   to  f i l l   e a c h   cup  as  c l o s e   to  t h e   l i p  

of  t he   cup  as  p o s s i b l e ,   i t   has  been   f o u n d   t h a t   s o m e  

r i n g i n g   or  o v e r l a p   o c c u r s   b e t w e e n   t h e   u l t r a s o n i c  

s i g n a l  r e f l e c t e d  f r o m   the   cup  l i p   and  t h e   s u r f a c e   o f  

t h e   b e v e r a g e   as  i t   a p p r o a c h e s   t he   p o s i t i o n   of  t he   c u p  

l i p .   A c c o r d i n g l y ,   t h e   p r e s e n t   i n v e n t i o n   p r o v i d e s  

s u i t a b l e   d e t e c t o r   c u r c u i t r y   to  d e t e c t   t h e   t r a i l i n g  

edge   of  t h e   l i p   s i g n a l   and  t he   t r a i l i n g   edge   of  t h e  

l i q u i d   l e v e l   s i g n a l   to   a v o i d   t h i s   r i n g i n g   or  o v e r l a p  

p r o b l e m .   S i n c e   a  d e t e c t a b l e   t r a i l i n g   e d g e   of  a  c u p  

l i p   s i g n a l   d i s a p p e a r s   when  o v e r l a p   o c c u r s   w i t h   a  

l i q u i d   l e v e l   s i g n a l ,   t he   a b s e n c e   of  t h e   t r a i l i n g   e d g e  

of  t h e   l i p   s i g n a l   is  u s e d   to   i n d i c a t e   t h a t   t h e   l i q u i d  

l e v e l   has   r e a c h e d   t h e   cup  l i p .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

The  o b j e c t s   of  t h e   p r e s e n t   i n v e n t i o n   and  t h e  

a t t e n d a n t   a d v a n t a g e s   t h e r e o f   w i l l   b e c o m e   more  r e a d i l y  

a p p a r e n t   w i t h   r e f e r e n c e   to  t he   f o l l o w i n g   d e s c r i p t i o n  

of  t h e   d r a w i n g s   w h e r e i n   l i k e   n u m e r a l s   r e f e r   to  l i k e  

p a r t s   a n d :  



F i g u r e   1  i s   a  p e r s p e c t i v e   v i e w   of  a  p o s t - m i x  

b e v e r a g e   d i s p e n s e r   c a b i n e t   i n c l u d i n g   u l t r a s o n i c  

t r a n s d u c e r s   a s s o c i a t e d   w i t h   e a c h   d i s p e n s i n g ' n o z z l e   a n d  

a  cup  to  be  f i l l e d   d i s p o s e d   b e n e a t h   one  of  t he   n o z z l e s  

to  i l l u s t r a t e   t h e   i n t e r a c t i o n   of  t h e   u l t r a s o n i c   e n e r g y  
of  t he   t r a n s d u c e r   and  the   a s s o c i a t e d   c u p ;  

F i g u r e   2  is   a  s c h e m a t i c   b l o c k   d i a g r a m   of  t h e  

t r a n s c e i v e r   c i r c u i t r y   f o r   t he   u l t r a s o n i c   t r a n s d u c e r   o f  

the   p r e s e n t   i n v e n t i o n   in  c o m b i n a t i o n   w i t h   a  

m i c r o p r o c e s s o r   i n t e r a c t i n g   w i t h   t h e   t r a n s c e i v e r  

c i r c u i t r y   and  t h e   d i s p e n s e r   c o n t r o l s   of  t he   p o s t - m i x  

b e v e r a g e   d i s p e n s e r   of  F i g u r e   1 ;  

F i g u r e   3  is   a  c i r c u i t   d i a g r a m   i l l u s t r a t i n g   t h e  

d e t a i l s   of  t h e   b l o c k s   38,  40  and  42  of  t h e   b l o c k  

d i a g r a m   of  F i g u r e   2 ;  

F i g u r e   4  i l l u s t r a t e s   a - c i r c u i t   d i a g r a m   of  t h e  

d e t a i l s   of  t h e   b l o c k s   44,  48,  and  50  of  t h e   b l o c k  

d i a g r a m   of  F i g u r e   3 ;  

F i g u r e   5  i s   a  c i r c u i t   d i a g r a m   i l l u s t r a t i n g   t h e  

d e t a i l s   of  t h e   b l o c k s   52  and  54  of  t h e   b l o c k   d i a g r a m  

of  F i g u r e   2 ;  

F i g u r e   6  i s   a  d e t a i l e d   c i r c u i t   d i a g r a m   of  t h e  

b l o c k   56  f r o m   t h e   b l o c k   d i a g r a m   of  F i g u r e   2 ;  

F i g u r e   7  i l l u s t r a t e s   one  e x a m p l e   of  a  s u i t a b l e  

m u l t i p l e x e r   to  be  u s e d   as  e l e m e n t   46  in  t he   b l o c k  

d i a g r a m   of  F i g u r e   2  i f   a  p l u r a l i t y   of  d i s p e n s i n g  

n o z z l e s   and  a s s o c i a t e d   u l t r a s o n i c   t r a n s d u c e r s   a r e   t o  

be  u t i l i z e d   as  i l l u s t r a t e d   in  t he   a p p a r a t u s   of  F i g u r e  

1 ;  

F i g u r e   8  is   a  t i m i n g   d i a g r a m   i l l u s t r a t i n g   t h e  

w a v e f o r m s   of  t h e   u l t r a s o n i c   wave  e n e r g y   r e f l e c t e d   f r o m  



t h e   cup  to  be  f i l l e d   and  i t s   a s s o c i a t e d   s u p p o r t  

s u r f a c e s   and  c o n t e n t s   t o  i l l u s t r a t e   t h e   o p e r a t i o n   o f  

t h e   a p p a r a t u s   of  t he   p r e s e n t   i n v e n t i o n ;  

F i g u r e s   9  to  16  a r e   f l o w   c h a r t s   i l l u s t r a t i n g   t h e  

main   r o u t i n e   and  s u b - r o u t i n e s   of  the   s o f t w a r e   f o r  

o p e r a t i n g   t he   m i c r o p r o c e s s o r   34  in  t h e   b l o c k   d i a g r a m  

of  F i g u r e   2 .  

DETAILED  DESCRIPTION  OF  THE  DRAWINGS 

R e f e r r i n g   to  F i g u r e   1,  t h e r e   is  i l l u s t r a t e d   i n  

f r o n t   p e r s p e c t i v e   a  p o s t - m i x   b e v e r a g e . d i s p e n s e r  

a p p a r a t u s   g e n e r a l l y   i n d i c a t e d   20.  The  p a r t i c u l a r  

d i s p e n s e r   a p p a r a t u s   i l l u s t r a t e d   i n c l u d e s   t h r e e  

d i s p e n s i n g   n o z z l e s   22  f o r   d i s p e n s i n g   t h r e e   d i f f e r e n t  

t y p e s   or   f l a v o r s   of  s o f t   d r i n k   b e v e r a g e s .   Each   of  t h e  

d i s p e n s e r   n o z z l e s   22  has   an  u l t r a s o n i c   t r a n s d u c e r   26 

m o u n t e d   d i r e c t l y   to  t h e   r e a r   t h e r e o f   on  t h e   o v e r h a n g  

p r o v i d e d   by  the   u p p e r   p o r t i o n   of  t he   d i s p e n s e r  

c a b i n e t .   D i r e c t l y   b e l o w   t h e   d i s p e n s e r   n o z z l e s   22  a n d  

t h e   u l t r a s o n i c   t r a n s d u c e r s   26  i s   a  c o n v e n t i o n a l   d r i p  

t r a y   or  g r a t e   28  f o r   s u p p o r t i n g   a  cup  to   be  f i l l e d  

s u c h   as  a  p a p e r   or  p l a s t i c   cup  24  h a v i n g   a  l i p   24L  

s u r r o u n d i n g   an  o p e n i n g   in  t h e   top   t h e r e o f   and  a  b o t t o m  

24B.  As  i l l u s t r a t e d   in  F i g u r e   1,  u l t r a s o n i c   w a v e  

e n e r g y   is   t r a n s m i t t e d   f r o m   u l t r a s o n i c   t r a n s d u c e r   26  

t o w a r d   t he   cup  24  and  r e f l e c t s   f rom  t he   i n t e r i o r   o f  

t h e   c u p ,   t h e   cup  l i p   24L  and   t h e   d r i p   t r a y   s u r f a c e   2 8 ,  

b a c k   to   t he   u l t r a s o n i c   t r a n s d u c e r   26  w h e r e i n   i t   i s  

p r o c e s s e d   in  a ' t r a n s c e i v e r   c i r c u i t   to  be  d e s c r i b e d  



h e r e i n a f t e r   in  c o n n e c t i o n   w i t h   F i g u r e   2.  T h e  

u l t r a s o n i c   s i g n a l   r e f l e c t e d   form  the   i n t e r i o r   of  t h e  

cup  e i t h e r   r e f l e c t s   f rom  the   b o t t o m   of  t h e   cup  or  f r o m  

the   c o n t e n t s   of  t he   cup,   wh ich   may  be  e i t h e r   i c e   o r  

l i q u i d ,   d e p e n d i n g   on  the   p o i n t   w i t h i n   t h e   a u t o m a t i c  

f i l l i n g - c y c l e ,   and  is   l a b e l e d   LL.  The  u l t r a s o n i c  

s i g n a l   r e f l e c t e d   f rom  the   cup  l i p   24L  is   l a b e l e d   CL,  

and  the   u l t r a s o n i c   s i g n a l   r e f l e c t e d   f rom  t h e   d r i p   t r a y  

or  g r a t e   28  i s   l a b e l e d   DT. 

The  c a b i n e t   of  t he   p o s t - m i x   b e v e r a g e   d i s p e n s e r   20 

of  F i g u r e   1  i s   a l s o   p r o v i d e d   on  the   f r o n t   s u r f a c e  

t h e r e o f   w i t h   an  i n d i c a t o r   l i g h t   32  w h i c h   i s  

i l l u m i n a t e d   when  an  o p e r a t o r   a t t e m p t s   to  f i l l   a  c u p  

h a v i n g   an  e x c e s s   o f  a   p r e d e t e r m i n e d   l i m i t   of  i c e .   T h e  

c a b i n e t   of  t he   p o s t - m i x   b e v e r a g e   d i s p e n s e r   20  a l s o  

h o u s e s   t he   n e c e s s a r y   s y r u p - p a c k a g e s ,   c a r b o n a t o r   a n d  

c o n t r o l   c i r c u i t r y   f o r   o p e r a t i n g   d i s p e n s e r   v a l v e s   w h i c h  

a r e   in  o p e r a t i v e   a s s o c i a t i o n   w i t h   e a c h   of  t h e  

d i s p e n s e r   n o z z l e s   22.  T h e s e   d i s p e n s e r   v a l v e s   may  b e  

of  any  t y p e   c o n v e n t i o n a l   in  t he   a r t   w h i c h   a r e ,   f o r  

e x a m p l e ,   e l e c t r i c a l l y   a c t u a t e d   and  i n i t i a t e   t he   f l o w  

of  l i q u i d   o u t   of  d i s p e n s e r   n o z z l e s   22  when  open  a n d  

s t o p   the   f l o w   of  f l u i d   ou t   of  t h o s e   n o z z l e s   w h e n  

c l o s e d .   T h e s e   v a l v e s   a r e   o p e n e d   and  c l o s e d   i n  

r e s p o n s e   to  s i g n a l s   f rom  t he   m i c r o p r o c e s s o r   34  of  t h e  

s y s t e m   of  F i g u r e   2,  to  be  d e s c r i b e d   h e r e i n a f t e r .  

R e f e r r i n g   now  to  F i g u r e   2,  t h e r e   i s   i l l u s t r a t e d   a  

b l o c k   d i a g r a m   of  t he   a u t o m a t i c   f i l l i n g   a p p a r a t u s   o f  

t he   p r e s e n t   i n v e n t i o n ,   i n c l u d i n g   a  m i c r o p r o c e s s o r   34 

w h i c h   may  b e  a   M o t o r o l a   MC6801.  The  m i c r o p r o c e s s o r   34 



t r a n s m i t s   t r i g g e r   s i g n a l s   a l o n g   bus   l i n e   T  to  t h e  

t r a n s c e i v e r   d r i v e r   c i r c u i t   of  t h e   u l t r a s o u n d  

t r a n s d u c e r   26  and  r e c e i v e s   p r o c e s s e d   e l e c t r i c a l  

s i g n a l s   f r o m   t he   r e f l e c t e d   u l t r a s o n i c   e n e r g y   m e a s u r e d  

by  u l t r a s o u n d   t r a n s d u c e r   26  v i a   l i n e   R.  T h e  

r e f l e c t e d   s i g n a l s   r e c e i v e d   a l o n g   bus  l i n e   R  a r e  

p r o c e s s e d   w i t h i n   m i c r o p r o c e s s o r   34  in  a c c o r d a n c e   w i t h  

p r o g r a m   l o g i c   f u n c t i o n s   in  o r d e r   to   g e n e r a t e   c o n t r o l  

s i g n a l s   a l o n g   bus  l i n e   C  to  o p e r a t e   t h e   d i s p e n s e r  

c o n t r o l s   20C  w i t h i n   t he   p o s t - m i x   b e v e r a g e   d i s p e n s e r   20  

of  F i g u r e   l .   As  s t a t e d   h e r e i n b e f o r e ,   t h e   d i s p e n s e r  

c o n t r o l s   i n c l u d e   v a l v e s   a s s o c i a t e d   w i t h   e a c h   of  t h e  

d i s p e n s e r   n o z z l e s   22  f o r   s t a r t i n g   and  s t o p p i n g   t h e  

f l o w   of  b e v e r a g e   f rom  t h o s e   n o z z l e s   i n t o   an  a s s o c i a t e d  

cup  to  be  f i l l e d .  

The  d r i v e   c i r c u i t r y   f o r   t he   u l t r a s o u n d   t r a n s d u c e r  

26  i n c l u d e s   a  w a v e f o r m   g e n e r a t o r   36,  a  d r i v e r  

a m p l i f i e r   38,  a  p u l s e   t r a n s f o r m e r   40  and  a  t u n e d   RLC 

c i r c u i t   42.  T h i s   d r i v e   c i r c u i t r y   i s   t r i g g e r e d   t o  

g e n e r a t e   u l t r a s o n i c   p u l s e s   f rom  t r a n s d u c e r   2 6 ,  

d i r e c t e d   t o w a r d   t h e   cup  24  in  F i g u r e   l .   The  d r i v e r  

s e c t i o n   of  t h e   t r a n s c e i v e r   c i r c u i t   i l l u s t r a t e d   i n  

F i g u r e   2  s u p p l i e s   a  s i n u s o i d a l   50KHz,  220  v o l t   b u r s t  

w i t h   a  150  v o l t   D.C.  b i a s   to  t h e   t r a n s d u c e r   w h e n  

t r i g g e r e d   by  a  s i g n a l   f rom  bus   l i n e   T  f rom  t h e  

m i c r o p r o c e s s o r   3 4 .  

S i g n a l s   r e f l e c t e d   f rom  t h e   l i p   of  t h e   cup  2 4 L ,  

t h e   i n t e r i o r   of  t h e   cup  and  t h e   d r i p   t r a y   28 ,   i l l u s t r a t e d  

as  CL,  LL,  and   DT,  r e s p e c t i v e l y ,   in  F i g u r e   1,  a r e  

a m p l i f i e d   and   p r o c e s s e d   to  p r o d u c e   TTL  ( T r a n s i s t o r -  

T r a n s i s t o r - L o g i c )   l e v e l   p u l s e   t r a i n s   w h e r e   e a c h   p u l s e  

r e p r e s e n t s   r e f l e c t e d   u l t r a s o n i c   w a v e s   by  t h e   p o r t i o n  

of  t h e   t r a n s c e i v e r   c i r c u i t r y   of  F i g u r e   2,  i n c l u d i n g   a  



b u f f e r   a m p l i f i e r   44,  a  m u l t i p l e x e r   46,  a  f i r s t  

a m p l i f i e r   48,  a  p a s s i v e   60Hz  f i l t e r   50,  a  s e c o n d  

a m p l i f i e r   52,  a  c o m p a r a t o r   54,  and  a  50KHz  f i l t e r   5 6 .  

R e f e r r i n g   to  F i g u r e   3,  t h e r e   is   i l l u s t r a t e d   a  
d e t a i l e d   c i r c u i t   d i a g r a m   f o r   t he   d r i v e r   a m p l i f i e r   38  
and  p u l s e   t r a n s f o r m e r   40  of  F i g u r e   2.  As  i l l u s t r a t e d ,  
t he   d r i v e r   a m p l i f i e r   38  may  c o m p r i s e   a  c o n v e n t i o n a l  

NPN  t r a n s i s t o r   38  h a v i n g   i t s   b a s e   c o n n e c t e d   to  t h e  

o u t p u t   of  w a v e f o r m   g e n e r a t o r   36,  c o m p r i s i n g   a n  
o s c i l l a t o r   w i t h   a  50KHz  o u t p u t .   The  c o l l e c t o r   of  t h e  

d r i v e r   a m p l i f i e r   38  i s   c o n n e c t e d   to  a  p u l s e  
t r a n s f o r m e r   c i r c u i t   40,  w h i c h   i s   c o u p l e d   w i t h i n   a n  
RLC  t u n e d   c i r c u i t   42.  The  c o l l e c t o r   is   a l s o   c o u p l e d  
to  g r o u n d   t h r o u g h   a  p r o t e c t i v e   d i o d e   Dl,   w h i c h  

p r o t e c t s   d r i v e r   a m p l i f i e r   38  f rom  i n d u c t i v e  

o v e r v o l t a g e s   c a u s e d   by  s w i t c h i n g   the   p u l s e  

t r a n s f o r m e r   40.  The  t u n e d   c i r c u i t   42  is   c o n v e n t i o n a l  

in  t h e   u l t r a s o n i c   t r a n s d u c e r   a r t   and  p r o v i d e s  

c o u p l i n g   b e t w e e n   b o t h   t h e   d r i v i n g   and  s i g n a l  

p r o c e s s i n g   p o r t i o n s   of  t h e   u l t r a s o n i c   t r a n s c e i v e r  

c i r c u i t .   T h a t   i s ,   i t   s e r v e s   as  a  c o u p l i n g   n e t w o r k  

b e t w e e n   o u t p u t s   f rom  t h e   p u l s e   t r a n s f o r m e r   40  a n d  

r e f l e c t e d - s i g n a l s   d e t e c t e d   by  u l t r a s o n i c   t r a n s d u c e r  

26,  w h i c h   a r e   o u t p u t   t h r o u g h   i n d u c t o r   L  a n d  a  

s u i t a b l e   r e c t i f i e r   i n c l u d i n g   d i o d e s   D2,  D3  to  b u f f e r  

a m p l i f i e r   44,  as  i l l u s t r a t e d   in  F i g u r e   3.  T h e  

w a v e f o r m   g e n e r a t o r   36  may  be  any  c o m m e r c i a l l y  

a v a i l a b l e ,   s i n g l e - c h i p   o s c i l l a t o r   w h i c h   g e n e r a t e s  
t h r e e   c y c l e s   of  a  50KHz  TTL  l e v e l   s i g n a l   when  t r i g g e r e d  

a l o n g   l i n e   T  by  t h e   m i c r o p r o c e s s o r   34  of  F i g u r e   2 .  

The  p u l s e   t r a n s f o r m e r   40  t r a n s f o r m s   a  5  v o l t   i n p u t  



s i g n a l   f rom  the   w a v e f o r m   g e n e r a t o r   36  and   d r i v e r  

a m p l i f i e r   38  i n t o   a  220  V o l t   s i g n a l ,   s u i t a b l e   f o r  

d r i v i n g   t he   u l t r a s o n i c   t r a n s d u c e r .   The  RLC  t u n e d  

r e s o n a n t   c i r c u i t ,   i n c l u d i n g   e l e m e n t s   R,  L  a n d   C,  h a s  

a  v e r y   h i g h   q  so  t h a t   i t   e f f e c t i v e l y   d r i v e s   t h e  

t r a n s d u c e r   26  and  c o u p l e s   d e t e c t e d   s i g n a l s   to  t h e  

s i g n a l - p r o c e s s i n g   p o r t i o n   of  t h e   t r a n s c e i v e r  

c i r c u i t .   A  320  v o l t   Z e n e r   d i o d e   Zl  p r o t e c t s  

t r a n s d u c e r 2 6   f r o m   o v e r v o l t a g e .   The  c i r c u i t   of  F i g u r e  

3  has   been   d e s i g n e d   to   m i n i m i z e   e l e c t r i c a l   " r i n g i n g " ,  

w h i l e   s t i l l   p r o v i d i n g   a d e q u a t e   s i g n a l - t o - n o i s e  

r a t i o s .  

R e f e r r i n g   to   F i g u r e   4,  t h e r e   i s   i l l u s t r a t e d   a  

c i r c u i t   d i a g r a m   f o r   t h e   b u f f e r   a m p l i f i e r   44,  t h e  

f i r s t   a m p l i f i e r   48  and  the   60Hz  p a s s i v e   f i l t e r   50  o f  

F i g u r e   2.  T h i s   c i r c u i t   is   i m p l e m e n t e d   w i t h   a  

c o m m e r c i a l l y   a v a i l a b l e   i n t e g r a t e d   c i r c u i t   c h i p   w h i c h  

i s   a  d u a l   OP-Amp,  Model   Number  L F 3 5 3 ,   m a n u f a c t u r e d   b y  

N a t i o n a l   S e m i c o n d u c t o r .   The  t e r m i n a l   p i n s   i l l u s t r a t e d  

in  F i g u r e   4  b e a r   t he   c o m m e r c i a l   p i n   n u m b e r s   p r o v i d e d  

on  t h e   m a n u f a c t u r e r ' s   d a t a   s h e e t   and  a r e   n u m b e r e d   1 

to   8.  T h i s   d u a l   OP-Amp  c o n f i g u r a t i o n   i m p l e m e n t s   t h e  

c o m b i n e d   f u n c t i o n s   of  t h e   b u f f e r   a m p l i f i e r   44  a n d - 4 8  

i l l u s t r a t e d   i n .  F i g u r e   2.  Thas  i s ,   t h e   b u f f e r   a m p l i f i e r  

s h o u l d   have   a  u n i t y   g a i n   in  o r d e r   to   p r e s e r v e   t h e  

h i g h   q  of  t he   RLC  c i r c u i t   42,  and  t h e   f i r s t   amp  48  i n  

c o n j u n c t i o n   w i t h   a  s e c o n d   amp  52  i l l u s t r a t e d   in  F i g .  

5  a r e   u s e d   to  t r a n s f o r m   t he   s m a l l   r e f l e c t e d   u l t r a s o n i c  

s i g n a l s   ( l O m V ) i n t o   TTL  ( T r a n s i s t o r - T r a n s i s t o r - L o g i c )  

l e v e l s   (5  v o l t s ) .   The  p a s s i v e   60Hz  f i l t e r   50  i s   a  

s i m p l e   RC  f i l t e r   u s e d   to  e l i m i n a t e   s t r a y   60  Hz  p o w e r  



l i n e   n o i s e   f rom  t h e   a m p l i f i e d   s i g n a l s   o u t p u t   f rom  t h e  

f i r s t   a m p l i f i e r   48.  I t   s h o u l d   be  u n d e r s t o o d   t h a t   t h e  

m u l t i p l e x e r   46  of  F i g u r e   2  may  be  i n t e r p o s e d   b e t w e e n  

the   b u f f e r   a m p l i f i e r   34  and  the  f i r s t   a m p l i f i e r   4 8 ,  

as  i l l u s t r a t e d   in  F i g u r e   2,  bu t   s i n c e  F i g u r e   4  o n l y  

shows  one  s i g n a l   p a t h   f o r   one  t r a n s d u c e r ,   t h e  

m u l t i p l e x e r   46  i s   e l i m i n a t e d   f o r   c l a r i t y .  

R e f e r r i n g   to  F i g u r e   5,  t h e r e   is  i l l u s t r a t e d   a  

d e t a i l e d   c i r c u i t   d i a g r a m   of  t he   s e c o n d   amp  52  o f  

F i g u r e   2  and  t h e   c o m p a r a t o r   54  t h e r e o f .   T h e  

f u n c t i o n s   of  t h e s e   e l e m e n t s   a re   i m p l e m e n t e d   a g a i n   b y  

a  d u a l   OP-Amp,  c o m m e r c i a l l y - a v a i l a b l e ,   i n t e g r a t e d  

c i r c u i t   c h i p   LF353  m a n u f a c t u r e d   by  N a t i o n a l  

S e m i c o n d u c t o r   and  t h e   c o m m e r c i a l   p i n   n u m b e r s   1  to  8 

a r e   i l l u s t r a t e d   in  F i g u r e  5 .   The  5 .1   v o l t   Z e n e r  

d i o d e   c l a m p s   t h e   o u t p u t   of  c o m p a r a t o r   54  to  a  TTL 

c o m p a t i b l e   l e v e l .  

R e f e r r i n g   to  F i g u r e   6,  t h e r e   i s   i l l u s t r a t e d   a  

d e t a i l e d   c i r c u i t   d i a g r a m   of  the   50KHz  f i l t e r   56  o f  

t h e   b l o c k   d i a g r a m   of  F i g u r e   2.  T h i s   f i l t e r   may  be  a  

t y p e   74LS123  r e t r i g g e r a b l e   o n e - s h o t   c i r c u i t  

m a n u f a c t u r e d   by  T e x a s   I n s t r u m e n t s .   The  f u n c t i o n   o f  

t h i s   f i l t e r   i s   to   r e m o v e   any  t r a c e   of  t h e   o r i g i n a l  

50KHz  f r e q u e n c y   g e n e r a t e d   by  the   w a v e f o r m   g e n e r a t o r  

36.  The  i n p u t   of  t h i s   f i l t e r ,   as  i l l u s t r a t e d   i n  

F i g u r e   2,  i s   c o n n e c t e d   to  the   o u t p u t   of  t h e  

c o m p a r a t o r   54  and  t h e   o u t p u t   is  c o n n e c t e d   to  t h e  

m i c r o p r o c e s s o r   34  t h r o u g h   bus  l i n e   R.  R e f e r r i n g   t o  

F i g u r e   7,  t h e r e   i s   i l l u s t r a t e d   a  m u l t i p l e x e r   4 6 ,  

s u i t a b l e   f o r   u se   in  t he   b l o c k   d i a g r a m   of  F i g u r e   7 ,  



w h i c h   may  be  a  c o m m e r c i a l l y - a v a i l a b l e   IC  c h i p ,   M o d e l  

Number   4066,   m a n u f a c t u r e d   by  N a t i o n a l   S e m i c o n d u c t o r .  

As  i l l u s t r a t e d ,   t h i s   m u l t i p l e x e r   may  r e c e i v e   up  t o  

s i x   i n p u t s   a l o n g   c o m m e r c i a l   p i n   n u m b e r s   1  to   6  a n d  

o u t p u t   s i g n a l   a l o n g   t e r m i n a l s   c o n n e c t e d   to  c o m m e r c i a l  

p i n   n u m b e r s   8  to  14  in  a  t i m e   s h a r e   m u l t i p l e x  

f a s h i o n ,   f o r   o p e r a t i n g   up  to  s i x   d i s p e n s e r   v a l v e s   a n d  

a s s o c i a t e d   n o z z l e s .  

DESCRIPTION  OF  OPERATION 

The  o p e r a t i o n   of  t h e   a u t o m a t i c   f i l l i n g   a p p a r a t u s  
of  t h e   p r e s e n t   i n v e n t i o n   can   be  r e a d i l y   u n d e r s t o o d   b y  

r e f e r e n c e   to  t he   t i m i n g   d i a g r a m   of  F i g u r e   8,  i n  

c o n j u n c t i o n   w i t h   t h e   f l o w   c h a r t s   of  t h e   s o f t w a r e  

p r o g r a m m e d   i n t o   m i c r o p r o c e s s o r   34,  i l l u s t r a t e d   i n  

F i g u r e s   9  to  1 6 .  

R e f e r r i n g   to  F i g u r e   8,  t he   g r a p h s   A  to  E  t h e r e i n  

i l l u s t r a t e   v a r i o u s   c o n d i t i o n s   w h i c h   m i g h t   o c c u r  

p u r s u a n t   to  t he   a u t o m a t i c   f i l l i n g   of  a  cup  w i t h   a  

p o s t - m i x   b e v e r a g e ,   as  i l l u s t r a t e d   in  F i g u r e   1.  I n  

v i e w i n g   F i g u r e   8,  i t   s h o u l d   be  u n d e r s t o o d   t h a t   t i m e  

i s   p l o t t e d   a l o n g   t h e   a b s c i s s a   and  a m p l i t u d e   of   t h e  

r e f l e c t e d   u l t r a s o n i c   s i g n a l s   a l o n g   t he   o r d i n a t e .  

The  s i g n a l s   in  F i g u r e   8  show  w a v e s h a p e s   of  r e f l e c t e d  

s i g n a l s   s e e n   by  t r a n s d u c e r   26  p r i o r   to   b e i n g   p r o c e s s e d  

i n t o   TTL  l o g i c   l e v e l s   by  t h e   c i r c u i t r y   of  F i g u r e s  

3  to   7.  The  m i c r o p r o c e s s o r   34  s e e s   s q u a r e   w a v e  

TTL  s i g n a l s   p o s i t i o n e d   on  t h e   t i m e   a x i s   a t   t h e   s a m e  

p o s i t i o n s   as  t h e   w a v e f o r m s   of  F i g u r e   8.  G r a p h   A 



i l l u s t r a t e s   t h e   n a t u r e   of  t h e   r e f l e c t e d   s i g n a l s   f o r  

an  empty   cup  24  s u p p o r t e d   on  a  d r i p   t r a y   28  b e l o w   a  

d i s p e n s e r   n o z z l e   22  in  an  u l t r a s o n i c   t r a n s d u c e r   2 6 ,  

such   as  i l l u s t r a t e d   in  F i g u r e   1.  The  l e f t - h a n d  

r e f e r e n c e   of  t he   g r a p h   A,  l a b e l e d   O,  r e p r e s e n t s   t h e  

p o i n t   in  t i m e   t h a t   a  p u l s e   is   t r a n s m i t t e d   d o w n w a r d l y  

by  u l t r a s o n i c   t r a n s d u c e r   26  in  t he   c o n f i g u r a t i o n   o f  

F i g u r e   1  t o w a r d   t h e   cup  24.  T h e r e f o r e ,   a l l   of  t h e  

r e f l e c t e d   p u l s e s   a r e   r e f e r e n c e d   to  t h e   g e n e r a t i o n   o f  

an  a s s o c i a t e d   t r a n s m i t t e d   p u l s e   a l o n g   a  t i m e   a x i s   t .  

As  can  be  s e e n   by  r e f e r e n c e   to  g r a p h   A,  t he   r e f l e c t e d  

u l t r a s o n i c   p u l s e   s i g n a l   f rom  t h e   cup  l i p   24L  i s  

l a b e l e d   CL,  and  i t   r e a c h e s   u l t r a s o n i c   t r a n s d u c e r   26 

much  f a s t e r   t h a n   a  p u l s e   r e f l e c t e d   f r o m  t h e   d r i p   t r a y  
and  t h e   b o t t o m   of  t he   cup .   The  d r i p   t r a y   or  g r a t e  

p u l s e   is   l a b e l e d   DT,  and  t he   p u l s e   r e f l e c t e d   f r o m   t h e  

b o t t o m   of  t h e   cup  is   i n d i c a t e d   LL  in  g r a p h   A;  and   a s  

i l l u s t r a t e d ,   t h e y   a r e   a d j a c e n t   s i n c e   the   d r i p   t r a y  

s u r f a c e   and  t h e   cup  b o t t o m   a r e   c l o s e l y   j u x t a p o s e d .  

T h u s ,   s i g n a l   LL  in  t h i s   p o s i t i o n   i n d i c a t e s   an  e m p t y  

c u p .  
As  i l l u s t r a t e d   in  g r a p h   B,  as  a  cup  24  i s   b e i n g  

f i l l e d   w i t h   l i q u i d ,   wha t   was  t h e   cup  b o t t o m   p u l s e   LL 

now  b e c o m e s   a  l i q u i d  l e v e l   p u l s e   LL,  w h i c h   m o v e s  

a l o n g   t h e   t i m e   a x i s   of  g r a p h   B  d e p e n d i n g   on  t h e  

l i q u i d   l e v e l   w i t h i n   cup  24  a t   any  p o i n t   in  t i m e  

d u r i n g   t h e   f i l l i n g   p r o c e s s .   T h a t   i s ,   t he   l i q u i d  

l e v e l   s i g n a l  r e f l e c t e d   f rom  t he   i n t e r i o r   of  t h e   c u p  

moves  c l o s e r   and  c l o s e r   in  t i m e   to  s i g n a l   CL,  

r e f l e c t e d   f rom  t h e   cup  l i p ,   and  f u r t h e r   in  t i m e   f r o m  

s i g n a l s   r e f l e c t e d   f rom  t h e   d r i p   or  g r a t e   p u l s e   t r a y  

DT.  



R e f e r r i n g  t o   g r a p h   C,  t h e r e   i s   i l l u s t r a t e d   a  

f u l l   cup  c o n d i t i o n   in  w h i c h   t h e   l i q u i d   l e v e l   p u l s e   LL 

b e c o m e s  c o n t i g u o u s   to   t he   cup  l i p   p u l s e   CL.  B e c a u s e  

t h e s e   r e s p e c t i v e   s i g n a l s   e s s e n t i a l l y   m e r g e ,   r i n g i n g  

b e t w e e n   t h e s e   s i g n a l s   can  o c c u r   in  t h e   d e t e c t o r  

c i r c u i t r y .   A c c o r d i n g l y ,   in  a c c o r d a n c e   w i t h   a  

p r e f e r r e d   e m b o d i m e n t   of  t he   p r e s e n t  i n v e n t i o n ,   i t   i s  

p r e f e r a b l e   to  a t t e m p t   to  d e t e c t   t h e   l e a d i n g   edge   o f  

t h e   cup  l i p   s i g n a l   CL  l a b e l e d   a  and  t h e   t r a i l i n g   e d g e  
of  t h e   l i q u i d   l e v e l   s i g n a l   l a b e l e d   b  to   a v o i d   t h i s  

r i n g i n g   p r o b l e m .   T h i s   a b s e n c e   of  a  d e t e c t a b l e   t r a i l i n g  

e d g e ,   a,  of  t h e   l i p   s i g n a l ,   w h i c h   w o u l d   be  t h e   c a s e  
in  g r a p h   C,  means   t h a t   t he   cup  i s   n e a r l y   f u l l .  

In  a c c o r d a n c e   w i t h   a n o t h e r   f e a t u r e   of  t h e  

p r e s e n t   i n v e n t i o n ,   i t   is   d e s i r a b l e   to   be  a b l e  t o   t o p -  
o f f   t h e   f i l l i n g   o p e r a t i o n   of  a  c a r b o n a t e d   b e v e r a g e   i n  

t h e   cup  24  a f t e r   foam  has   d i s s i p a t e d .   W h i l e   f i l l i n g  

c u p s   24  w i t h   c a r b o n a t e d   b e v e r a g e ,   i t   i s   w e l l   k n o w n  

t h a t   a  head   of  foam  w i l l   d e v e l o p   w h i c h   w i l l   d i s s i p a t e  

a f t e r   a  g i v e n   p e r i o d   of  t i m e ,   l e a v i n g   a  cup  l e s s   t h a n  

f u l l   w i t h   l i q u i d .   In  o r d e r   to  a v o i d   t h i s   p r o b l e m ,  

when  t h e   t r a n s c e i v e r   c i r c u i t r y   of  F i g u r e   2  and  t h e  

a s s o c i a t e d   m i c r o p r o c e s s o r   34  d e t e c t   t h e   c o n d i t i o n   o f  

r e f l e c t e d  u l t r a s o n i c   s i g n a l s ,   as  i l l u s t r a t e d   in  g r a p h  

C,  t h i s   i n d i c a t e s   t h a t   t he   cup  24  has   b e e n   f i l l e d  

w i t h   l i q u i d   and  g e n e r a t e s   a  s i g n a l   a l o n g   c o n t r o l   l i n e  

C  f rom  m i c r o p r o c e s s o r   34  to  c l o s e   t h e   d i s p e n s e r  

v a l v e s   and  s t o p   t h e   f l o w   of  l i q u i d   i n t o   t h e   cup .   I f  

t h e   l i q u i d   c o n t a i n s   a  h e a d   of  foam,   i t   w i l l   d i s s i p a t e  

a f t e r   a  w h i l e   so  t h a t   t he   a p p a r e n t   l i q u i d   w i t h i n   t h e  

c o n t a i n e r   w i l l   a p p e a r   t o   s u b s i d e   to  p o i n t   c,  a s  

i l l u s t r a t e d   im  g r a p h   C.  M i c r o p r o c e s s o r   34  i s  

p r o g r a m m e d   to  r e c o g n i z e   s u c h   a  c o n d i t i o n   and  r e i n i t i a t e  



the   f low  of  l i q u i d   by  g e n e r a t i n g   a  v a l v e   open  s i g n a l  

a l o n g   l i n e   C  to  t he   d i s p e n s e r   c o n t r o l s   20C  u n t i l   t h e  

l i q u i d   l e v e l   s i g n a l   LL  moves  back   i n t o   j u x t a p o s i t i o n  

w i t h   the  cup  l i p   s i g n a l   CL.  When  t h i s   o c c u r s ,   t h e  

m i c r o p r o c e s s o r   w i l l   a g a i n   s e n s e   t h i s   c o n d i t i o n   a n d  

g e n e r a t e   a  v a l v e   c l o s i n g   s i g n a l   a l o n g   c o n t r o l   l i n e   C 

to  d i s p e n s e r   c o n t r o l s   20C,  s t o p p i n g   the   f i l l i n g  

o p e r a t i o n   and  a c h i e v i n g   a  f u l l   c o n d i t i o n .  

A c c o r d i n g l y ,   a  f u l l   cup  of  b e v e r a g e   can   be  o b t a i n e d ,  

r e g a r d l e s s   of  t h e   f o r m a t i o n   of  a  h e a d   of  f o a m  

t h e r e o n ,   a c c o r d i n g   to  the  t e c h n i q u e s   of  t he   p r e s e n t  
i n v e n t i o n .  

R e f e r r i n g   to  g r a p h s   D  and  E,  t h e r e   is  i l l u s t r a t e d  

the   t e c h n i q u e   of  t he   p r e s e n t   i n v e n t i o n   f o r   d e t e r m i n i n g  

i f   t h e r e   is  too   much  i c e   w i t h i n   t he   cup  24  t o  

i n i t i a t e   t he   f i l l i n g   o p e r a t i o n .   In  g r a p h   D,  t h e r e   i s  

an  a c c e p t a b l e   l e v e l  o f   i ce   b e c a u s e ,   as  can  be  s e e n  

f rom  a  t ime   a x i s   a n a l y s i s ,   the   l e v e l   of  i c e   i l l u s -  

t r a t e d   by  the  l i q u i d   l e v e l   s i g n a l   LL  is   d i s p o s e d   l e s s  

t h a n   h a l f w a y   t o w a r d s   t he   cup  b o t t o m .   In  t h i s  

s i t u a t i o n ,   t he   l o g i c   w i t h i n   m i c r o p r o c e s s o r   34  i s  

p r o g r a m m e d   to  a u t o m a t i c a l l y   i n i t i a t e   t he   f i l l i n g  

o p e r a t i o n  b y   g e n e r a t i n g   an  i n i t i a t e   p u l s e   a l o n g   l i n e   C 

to  d i s p e n s e r   c o n t r o l s   20C,  to  open  t h e   a p p r o p r i a t e  

v a l v e   a s s o c i a t e d   w i t h   a  d i s p e n s e r   n o z z l e   22.  On  t h e  

o t h e r   hand,   i f   t h e   i c e   l e v e l   is  such   t h a t   t he   s i g n a l  

LL  o c c u p i e s   t he   p o s i t i o n   on  the  t i m e   a x i s   i l l u s t r a t e d  

in  g r a p h   E,  t h i s   s i g n i f i e s   t h a t   t he   cup  is   more  t h a n  

h a l f   f u l l   of  i c e .   S i n c e   t h i s   is  u n d e s i r a b l e ,   t h e  



l o g i c   p r o g r a m m e d   i n t o   m i c r o p r o c e s s o r   34  w i l l   n o t  

g e n e r a t e   and  i n i t i a t e   a  s i g n a l   a l o n g   l i n e   C  t o  

d i s p e n s e r   20C  and  the   f i l l i n g   o p e r a t i o n   c a n n o t   b e g i n .  

A c c o r d i n g l y ,   t he   s y s t e m   of  t h e   p r e s e n t   i n v e n t i o n   w i l l  

no t   p e r m i t   an  o p e r a t o r   to  o v e r l o a d   a  cup  w i t h   i c e   a n d  

p r o v i d e   a  c u s t o m e r   w i t h   l e s s   t h a n   a  p r e d e t e r m i n e d  

a m o u n t   of  l i q u i d   b e v e r a g e .  

The  a b o v e   d e s c r i b e d   o p e r a t i o n s   a r e   i m p l e m e n t e d  b y  

the   h a r d w a r e   d e s c r i b e d   in  c o n n e c t i o n   w i t h   F i g u r e s   I  t o  

7  in  c o n j u n c t i o n   w i t h   t he   s o f t w a r e   or  p r o g r a m s  
i l l u s t r a t e d   by  t he   f l o w   c h a r t s   of   F i g u r e s   9  to   1 6 ,  

w h i c h   a r e   s e l f - e x p l a n a t o r y ,   b u t   a r e   g e n e r a l l y   d e s c r i b e d  

h e r e i n a f t e r .  

ROUTINE  DESCRIPTIONS 

Main  R o u t i n e  

The  Main  R o u t i n e   i l l u s t r a t e d   in  F i g .   9  i s   r e s p o n -  
s i b l e   f o r   t e s t i n g   of  t h e   m i c r o c o m p u t e r   s y s t e m   a n d  

t r a n s d u c e r s ,   and  t hen   d i r e c t i n g   c o n t r o l   to  t h e   s e v e n  
d i f f e r e n t   s t a t e s   or  s u b r o u t i n e s   So  to  S6.  T e s t i n g  

c o n s i s t s   of  t h e   f o l l o w i n g :  

T e s t i n g   t he   r a n d o m   a c c e s s   memory  by  s t o r i n g  

a  known  b i t   p a t t e r n   and   t h e n   r e a d i n g   t h e   s a m e  

p a t t e r n   b a c k .  

T e s t i n g   t he   r e a d   o n l y   memory  by  v e r i f y i n g  

t h e   c h e c k s u m .  

T e s t i n g   the   t r a n s d u c e r s   by  i n i t i a t i n g  

a  p u l s e   and  r e c e i v i n g   t h e   g r a t e   l e v e l   ( S i g n a l  

DT  i n d i c a t i n g   the   p o s i t i o n   of  t h e   d r i p   t r a y  

2 8 ) .  



C o n t r o l   f u n c t i o n s   a r e   p e r f o r m e d   by  c a l l i n g   t h e  

s t a t e   t h a t   is  s e l e c t e d .   Each  s t a t e   is  r e s p o n s i b l e   f o r  

c h a n g i n g   the   s t a t e ,   to  the   n e x t   a p p r o p r i a t e   s t a t e ,  

upon  c o m p l e t i o n   of  i t s   r o u t i n e .  

S t a t e  Ø  -   D e t e c t   Cup  

S t a t e  Ø   (SØ)  i l l u s t r a t e d   in  F i g .   10  i s  

r e s p o n s i b l e   f o r   d e t e c t i n g   the   p r e s e n c e   of  a  cup .   I f   a  

cup  i s   d e t e c t e d ,   the   s t a t e   is   c h a n g e d   to  S l ;   o t h e r w i s e ,  

the   s t a t e   r e m a i n s   S0.  The  f i r s t   and  s e c o n d   r e f l e c t e d  

s i g n a l s   r e a d   a r e   s a v e d   f o r   l a t e r   r e f e r e n c e .   The  f i r s t  

v a l u e   s h o u l d   be  the   l i p   s i g n a l   and  the   s e c o n d   v a l u e  

the   i c e   l e v e l   s i g n a l   f o r   a  cup  w i t h   i ce   t h e r e i n .  

S t a t e   I  -   V e r i f y   Cup  and  I c e   L e v e l  

S t a t e   1  (S l )   i l l u s t r a t e d   in  F i g .   11  is  r e s p o n s i b l e  

f o r   v e r i f y i n g   t he   c u p ' s   p r e s e n c e   and  c h e c k i n g   t h e  

i ce   l e v e l .   I f   t he   c u p ' s   p r e s e n c e   is  v e r i f i e d   a n d  

the   i c e   l e v e l   is  okay ,   t h e n   the   v a l v e   is  t u r n e d   o n  

and  t he   s t a t e   is   s e t   to  S2.  If   the   cup  i s  n o t   v e r i f i e d  

t h e n   t he   s t a t e   i s   s e t   to  SØ.  I f   t he   i ce   l e v e l   i s  

g r e a t e r   t h a n   a l l o w e d ,   a  l i g h t   i n d i c a t i n g   t h i s   w i l l  

be  l i t .   Cup  p r e s e n c e   v e r i f i c a t i o n   is   a c h i e v e d   b y  

i n i t i a t i n g   a  s e r i e s   of  t h r e e   u l t r a s o n i c   p u l s e s   a n d  

d e t e c t i n g   t he   r e c e i p t   of  a t   l e a s t   2  cup  l i p   s i g n a l s  

CL  a p p r o x i m a t e l y   e q u a l   to  t h e   l i p   v a l u e   of  CL  s a v e d  

i n   s t a t e   SØ.  



S t a t e   2  -   S t a r t   F i l l i n g  

The  r o u t i n e   p e r f o r m e d   in  S t a t e   2  (S2)   may  b e s t  

be  u n d e r s t o o d   by  r e f e r e n c e   to  t he   f l o w   c h a r t   of  F i g .  

12  in  c o n j u n c t i o n   w i t h   g r a p h s   A  to  C  of  F i g .   8 .  

G r a p h s   A  to  C  show  a  f i l l i n g   o p e r a t i o n   f r o m   b e g i n n i n g  

to  end  as  d e s c r i b e d   h e r e i n b e f o r e .   S t a t e   2  (S2)  i s  

r e s p o n s i b l e   f o r   t h e   i n i t i a l   f i l l i n g   of  t h e   c u p .  
As  i l l u s t r a t e d   in  t h e   f l o w   c h a r t   of  F i g .   12,  t h e  

m i c r o p r o c e s s o r   s o f t w a r e   f i r s t   l o o k s   to  s ee   i f   a  c u p  
is   p r e s e n t   a n d ,   i f   so ,   s t a t e   2  (S2)  p r o c e e d s .   I t  

t h e n   l o o k s   to  s e e   i f   t he   s e c o n d   v a l u e   ( s e c o n d   r e f l e c t e d  

p u l s e   d e t e c t e d )   i s   e q u a l   to  t h e   g r a t e   v a l u e   DT  ( t h i s  

c o n d i t i o n   i s   i l l u s t r a t e d   in  g r a p h   A  of  F i g .   8 ) .  

I f   so ,   i t   t h e n   l o o k s   to  see  i f   t h e   f i r s t   v a l u e   d e t e c t e d  

is   e q u a l   to  t h e   l i p   s i g n a l   CL  p l u s   an  o f f s e t .   T h i s  

c o n d i t i o n   i s   i l l u s t r a t e d   in  g r a p h   C  of  F i g .   8.  T h e  

o f f s e t   ( d i s t a n c e   b e t w e e n   a  and  b  in  g r a p h   C)  i s   c a u s e d  

by  the   m e r g i n g   of  t h e   cup  l i p   and  t h e   l i q u i d   l e v e l  

s i g n a l s .   When  t h i s   c o n d i t i o n   i s   a c h i e v e d ,   t h e   c u p  
is   f u l l   and  t h e   s o f t w a r e   e n t e r s   s t a t e   3  ( S 3 ) .  

S t a t e   3 

The  S t a t e   3  (S3)  s u b r o u t i n e   i l l u s t r a t e d   in  F i g .  

13  is   r e s p o n s i b l e   f o r   r e i n i t i a t i n g   t h e   f i l l i n g   o f  

a  cup  a f t e r   t h e   foam  d i s s i p a t e s .   As  i l l u s t r a t e d  

in  g r a p h   C  of  F i g .   8,  when  foam  d i s s i p a t e s   t h e   l i q u i d  

l e v e l   s i g n a l   s u b s i d e s ,   f o r   e x a m p l e   to   p o i n t   c.  S t a t e  

3  (S3)  b e g i n s   w i t h   t h e   d i s p e n s e r   v a l v e   o f f .   I t   t h e n  

r e a d s   b o t h   t h e   l i p   and  l i q u i d   l e v e l   s i g n a l s   a n d ,  

i f   t h e   l i q u i d   or   f l u i d   l e v e l   s i g n a l   p l u s   t he   o f f s e t  

( c a u s e d   by  t h e   m e r g i n g   of  C L  a n d   LL  in  g r a p h   C)  i s  



g r e a t e r   t h a n   t he   l i p   s i g n a l   CL,  t h e   d i s p e n s e r   v a l v e  

is  t u r n e d   b a c k   on  to  c o m p l e t e   t he   f i l l i n g   of  t h e  

cup .   The  main   r o u t i n e   t hen   moves  on  to  s t a t e   4  ( S 4 ) .  

S t a t e   4  -   F i l l   UP  C u p  

S t a t e   4  (S4)  i l l u s t r a t e d   in  F i g .   14  i s   r e s p o n s i b l e  
f o r   f i n i s h i n g   t he   f i l l i n g   t h a t   S3  was  u n a b l e   to  c o m p l e t e .  
When  the   cup  i s   d e t e r m i n e d   f u l l ,   t h e   v a l v e   i s   t u r n e d  

o f f   and  t h e   s t a t e   i s   c h a n g e d   to  S 5 .  

S t a t e   5  -   V e r i f y   Cup  F u l l  

S t a t e   5  (S5)  i l l u s t r a t e d   in  F i g .   15  is   r e s p o n s i b l e  

f o r   e n s u r i n g   t h a t   t h e   cup  is  f u l l   a f t e r   t he   f o a m  

s e t t l e s   and  d e t e c t i n g   the   r e m o v a l   of  t h e   cup .   I f  

t he   cup  i s   d e t e r m i n e d   to  need   more   f l u i d ,   t h e n   t h e  

v a l v e   is   t u r n e d   b a c k   on  a n d  t h e   s t a t e   i s   c h a n g e d  

to  S4.  I f   t h e   cup  i s   n o t   d e t e c t e d ,   t h e   s t a t e   i s  

c h a n g e d   to  S6.   I f   t he   cup  is  f u l l   and  i s   d e t e c t e d ,  

t h e n   the   s t a t e   is  u n c h a n g e d .  

S t a t e   6  -   Cup  R e m o v a l  

S t a t e   6  (S6)  i l l u s t r a t e d   in   F i g .   16  i s   r e s p o n s i b l e  

f o r   v e r i f y i n g   r e m o v a l   of  the   c u p .   I f   t h e   g r a t e   l e v e l  

is  d e t e c t e d ,   t h e n  t h e   s t a t e   i s   c h a n g e d   to  S 0 ;  

o t h e r w i s e ,   t h e   s t a t e   is   c h a n g e d   to  S5  to  e n s u r e   t h a t  

the   cup  is   f u l l .  

I t   s h o u l d   be  u n d e r s t o o d   t h a t   t h e   a b o v e - d e s c r i b e d  

s y s t e m   may  be  m o d i f i e d ,   as  w o u l d   o c c u r   to  one  o f  

o r d i n a r y   s k i l l   in  t he   a r t   w i t h o u t   d e p a r t i n g   f rom  t h e  

s p i r i t   and  s c o p e   of  the   p r e s e n t   i n v e n t i o n .  



1.  An  a p p a r a t u s   f o r   a u t o m a t i c a l l y   f i l l i n g   a  

c o n t a i n e r   w i t h   a  c a r b o n a t e d   b e v e r a g e   w h i c h   t e n d s   t o  

fo rm  a  h e a d   of  foam  d u r i n g   s a i d   f i l l i n g ,   c o m p r i s i n g :  

a  d i s p e n s e r   o u t l e t   f o r   d i r e c t i n g   t h e   f l o w   o f  

c a r b o n a t e d   b e v e r a g e   i n t o   an  o p e n i n g   in  t h e   top   o f  

t h e   c o n t a i n e r ,   s a i d   o p e n i n g   b e i n g   d e f i n e d   by  a  

s u r r o u n d i n g   c o n t a i n e r   l i p ;  

v a l v e   means   f o r   i n i t i a t i n g   t h e   f l o w   of  s a i d  

c a r b o n a t e d   b e v e r a g e   to  s a i d   d i s p e n s e r   o u t l e t   w h e n  

open   and  s t o p p i n g   t he   f l ow  t h e r e t o   when  c l o s e d ;  

d e t e c t o r   means   f o r   m e a s u r i n g   t h e   l e v e l   o f  

c a r b o n a t e d   b e v e r a g e   in  s a i d   c o n t a i n e r ;  

f i r s t   c o n t r o l   m e a n s  r e s p o n s i v e   to   s a i d   d e t e c t o r  

means   f o r   c l o s i n g   s a i d   v a l v e   means   to   s t o p   the   f l o w  

of  c a r b o n a t e d   b e v e r a g e   to  s a i d   d i s p e n s e r   o u t l e t   w h e n  

s a i d   c a r b o n a t e d   b e v e r a g e   r e a c h e s   a  p r e d e t e r m i n e d  

l e v e l   in  s a i d   c o n t a i n e r ;  

means   f o r   o p e n i n g   s a i d   v a l v e   m e a n s   t o  

r e i n i t i a t e   t h e   f l o w   of  s a i d   c a r b o n a t e d   b e v e r a g e   i f  

s a i d   l e v e l   o f  b e v e r a g e   s u b s i d e s   f o l l o w i n g   t he   c l o s i n g  



of  s a i d   v a l v e   means   by  s a i d   f i r s t   c o n t r o l   means   b y  

more  t h a n   a  p r e d e t e r m i n e d   d i s t a n c e ,   c a u s e d   b y  

d i s s i p a t i o n   of  s a i d   head   of  foam;   a n d  

s e c o n d   c o n t r o l   means  f o r   c l o s i n g   s a i d   v a l v e  

means  when  s a i d   l e v e l   r e a c h e s   a  p r e d e t e r m i n e d  

d i s t a n c e   f rom  s a i d   c o n t a i n e r   l i p .  

2.  The  a p p a r a t u s   of  c l a i m   1,  w h e r e i n   s a i d   d e t e c t o r  

means  c o m p r i s e s :  

u l t r a s o n i c   means   f o r   t r a n s m i t t i n g   u l t r a s o n i c  

wave  e n e r g y   t o w a r d   s a i d   c o n t a i n e r   l i p   and  t h e  

i n t e r i o r   of  s a i d   c o n t a i n e r ;   a n d  

u l t r a s o n i c   d e t e c t o r   means   f o r   r e c e i v i n g  

u l t r a s o n i c   wave  e n e r g y   r e f l e c t e d   f rom  s a i d   c o n t a i n e r  

l i p   and  s a i d   l i q u i d   t h e r e i n   and  g e n e r a t i n g   a  

c o n t a i n e r   l i p   s i g n a l   and  a . l i q u i d   l e v e l   s i g n a l ,   e a c h  

h a v i n g   a  l e a d i n g   and  t r a i l i n g   e d g e   w i t h   r e s p e c t   t o  

t i m e .  

3.  The  a p p a r a t u s   of  c l a i m   2,  f u r t h e r   c o m p r i s i n g :  
t h i r d   c o n t r o l   means   r e s p o n s i v e   to  t he   t r a i l i n g  

edge  of  s a i d   l i p   s i g n a l   and  t h e   t r a i l i n g   edge   o f  

s a i d   l i q u i d   l e v e l   s i g n a l   f o r   g e n e r a t i n g   a  s t o p  

s i g n a l   to  c l o s e   s a i d   v a l v e   means   when  the   t r a i l i n g  

edge  of  s a i d   l i p   s i g n a l  i s   a b s e n t   and  the   t r a i l i n g  

edge  of  s a i d   l i q u i d   l e v e l   s i g n a l   is   p r e s e n t .  



4.  The  a p p a r a t u s   a c c o r d i n g   to  c l a i m   1,  w h e r e i n  

s a i d   d e t e c t o r   means   i n c l u d e s   u l t r a s o n i c   means   f o r  

t r a n s m i t t i n g   u l t r a s o n i c   wave  e n e r g y   t o w a r d   s a i d  

c o n t a i n e r   l i p   and  t he   c o n t a i n e r   b o t t o m ,   u l t r a s o n i c  

d e t e c t o r   means   f o r   r e c e i v i n g   u l t r a s o n i c   wave  e n e r g y  
r e f l e c t e d   f r o m   s a i d   c o n t a i n e r   l i p   f o r   g e n e r a t i n g   a  

s e r i e s   of  l i p   s i g n a l s   and  f u r t h e r   c o m p r i s i n g :  

l o g i c   c i r c u i t   means   f o r   g e n e r a t i n g   a  s i g n a l  

i n d i c a t i v e   of  t h e   p r e s e n c e   of  a  c o n t a i n e r   o n l y   w h e n  

a  p r e d e t e r m i n e d   n u m b e r   of  s a i d   l i p   s i g n a l s   in  s a i d  

s e r i e s   a r e   a t   s u b s t a n t i a l l y   t he   same  l e v e l ;   a n d  

t h i r d   c o n t r o l   means   r e s p o n s i v e   to   s a i d   s i g n a l  

g e n e r a t e d   by  s a i d   l o g i c   c i r c u i t   m e a n s   f o r   o p e n i n g  

s a i d   v a l v e   m e a n s   to   i n i t i a t e   s a i d   f l o w   of  l i q u i d .  

5.  The  a p p a r a t u s   of  c l a i m   2,  f u r t h e r   i n c l u d i n g   a  

g i v e n   l e v e l   of  i c e   in  s a i d   c o n t a i n e r   and  w h e r e i n  

s a i d   u l t r a s o n i c   d e t e c t o r   means  a l s o   r e c e i v e s  

u l t r a s o n i c   e n e r g y   r e f l e c t e d   f rom  s a i d   i c e   t o  

g e n e r a t e   an  i c e   l e v e l   s i g n a l ;  

means   f o r   d e t e r m i n i n g   s a i d   g i v e n   l e v e l   of  i c e  

f rom  s a i d   i c e   l e v e l   s i g n a l ;   a n d  

means   f o r   p r e c l u d i n g   t he   o p e n i n g   of  s a i d   v a l v e  

means  to  i n i t i a t e   s a i d   f l o w   i f   s a i d   g i v e n   i c e   l e v e l  

e x c e e d s   a  p r e d e t e r m i n e d   l i m i t .  

6.  The  a p p a r a t u s   of  c l a i m   4,  f u r t h e r   i n c l u d i n g   a  

g i v e n   l e v e l   of  i c e   in  s a i d   c o n t a i n e r   and  w h e r e i n  

s a i d   u l t r a s o n i c   d e t e c t o r   means   a l s o   r e c e i v e s  

u l t r a s o n i c   e n e r g y   r e f l e c t e d   f rom  s a i d   i c e   to  g e n e r a t e  

an  i c e   l e v e l   s i g n a l ;  



means  f o r   d e t e r m i n i n g   s a i d   g i v e n   l e v e l   of  i c e  

f rom  s a i d   i c e   l e v e l   s i g n a l ;   a n d  

means  f o r   p r e c l u d i n g   the  o p e n i n g   of  s a i d   v a l v e  

means   to  i n i t i a t e   s a i d   f l o w   i f   s a i d   g i v e n   i c e   l e v e l  

e x c e e d s   a  p r e d e t e r m i n e d   l i m i t .  

7.  An  a p p a r a t u s   f o r   a u t o m a t i c a l l y   f i l l i n g   a  
c o n t a i n e r   w i t h   a  l i q u i d   c o m p r i s i n g :  

a  d i s p e n s e r   o u t l e t   f o r   d i r e c t i n g   the   f l o w   o f  

s a i d   l i q u i d   i n t o   an  o p e n i n g   a t   t he   t o p   of  t h e  

c o n t a i n e r ,   s a i d   o p e n i n g   b e i n g   d e f i n e d   by  a  

s u r r o u n d i n g   c o n t a i n e r   l i p ;  

v a l v e   means   f o r   i n i t i a t i n g   t he   f l o w   of  s a i d  

l i q u i d   to  s a i d   d i s p e n s e r   o u t l e t   when  open   a n d  

s t o p p i n g   the   f l o w   t h e r e t o   when  c l o s e d ;  

u l t r a s o n i c   means   f o r   t r a n s m i t t i n g   u l t r a s o n i c  

wave  e n e r g y   t o w a r d   s a i d   c o n t a i n e r   l i p   and  t h e  

i n t e r i o r   of  s a i d   c o n t a i n e r ;  

u l t r a s o n i c   d e t e c t o r   means  f o r   r e c e i v i n g  

u l t r a s o n i c   wave  e n e r g y   r e f l e c t e d   f rom  s a i d   c o n t a i n e r  

l i p   and  s a i d   l i q u i d   t h e r e i n   and  g e n e r a t i n g   a  

c o n t a i n e r   l i p   s i g n a l   and  a  l i q u i d   l e v e l   s i g n a l ,   e a c h  

h a v i n g   a  l e a d i n g   and  t r a i l i n g   edge   w i t h   r e s p e c t   t o  

t i m e ;   a n d  

c o n t r o l   means   r e s p o n s i v e   to  t h e   t r a i l i n g   e d g e  

of  s a i d   l i p   s i g n a l   and  t h e   t r a i l i n g   e d g e   of  s a i d  

l i q u i d   l e v e l   s i g n a l   f o r   g e n e r a t i n g   a  s t o p   s i g n a l   t o  

c l o s e   s a i d   v a l v e   means   when  the   t r a i l i n g   edge   o f  

s a i d   l i p   s i g n a l   i s   a b s e n t   and  t h e   t r a i l i n g   edge   o f  

s a i d   l i q u i d   l e v e l   s i g n a l   i s   p r e s e n t .  



8.  An  a p p a r a t u s  f o r   a u t o m a t i c a l l y   f i l l i n g   a  

c o n t a i n e r   w i t h   a  l i q u i d ,   c o m p r i s i n g :  

a  d i s p e n s e r   o u t l e t   f o r   d i r e c t i n g   t h e   f l o w   o f  

l i q u i d   i n t o   an  o p e n i n g   a t   t he   t o p   of  t h e   c o n t a i n e r ,  

s a i d   o p e n i n g   b e i n g   d e f i n e d   by  a  s u r r o u n d i n g  

c o n t a i n e r   l i p ;  

u l t r a s o n i c   means   f o r   t r a n s m i t t i n g   u l t r a s o n i c  

wave  e n e r g y   t o w a r d   s a i d   c o n t a i n e r   l i p   and  t h e  

c o n t a i n e r   b o t t o m ;  

u l t r a s o n i c   d e t e c t o r   means   f o r   r e c e i v i n g  

u l t r a s o n i c   wave  e n e r g y   r e f l e c t e d   f rom  s a i d   c o n t a i n e r  

l i p   f o r   g e n e r a t i n g   a  s e r i e s   of  l i p   s i g n a l s ;  

c i r c u i t   means   f o r   g e n e r a t i n g   a  s i g n a l   i n d i c a t i v e  

of  t h e   p r e s e n c e   of  a  c o n t a i n e r   o n l y   when  a  

p r e d e t e r m i n e d   number   of  l i p   s i g n a l s   in  s a i d   s e r i e s  

a r e   a t   s u b s t a n t i a l l y   t h e   same  l e v e l ;  

v a l v e   means   f o r   i n i t i a t i n g   t h e   f l o w   of  s a i d  

l i q u i d   to   s a i d   d i s p e n s e r   o u t l e t   when  open   and  s t o p p i n g  

t h e   f l o w   t h e r e i n   when  c l o s e d ;   a n d  

c o n t r o l   means   r e s p o n s i v e   to  s a i d   s i g n a l   g e n e r a t e d  

by  s a i d   c i r c u i t   means   f o r   o p e n i n g   s a i d   v a l v e   m e a n s  

to  i n i t i a t e   s a i d   f l o w   of  l i q u i d .  

9.  An  a p p a r a t u s   f o r   a u t o m a t i c a l l y   f i l l i n g   a  

c o n t a i n e r   w i t h   a  b e v e r a g e ,   s a i d   c o n t a i n e r   h a v i n g   i c e  

t h e r e i n ,   c o m p r i s i n g :  

a  d i s p e n s e r   o u t l e t   f o r   d i r e c t i n g   t h e   f l o w   o f  

b e v e r a g e   i n t o   an  o p e n i n g   in  t h e   top   of  t h e   c o n t a i n e r ,  

s a i d   o p e n i n g   b e i n g   d e f i n e d   by  a  s u r r o u n d i n g  

c o n t a i n e r   l i p ;  



v a l v e   means   f o r   i n i t i a t i n g   the   f l o w   of  s a i d  

b e v e r a g e   to  s a i d   d i s p e n s e r   o u t l e t   when  open  a n d  

s t o p p i n g   t he   f l o w   t h e r e t o   when  c l o s e d ;  

u l t r a s o n i c   means   f o r   t r a n s m i t t i n g   u l t r a s o n i c  

e n e r g y   t h r o u g h   s a i d   o p e n i n g   t o w a r d   the   i c e   t h e r e i n ;  

d e t e c t o r   means   f o r   m e a s u r i n g   u l t r a s o n i c   e n e r g y  
r e f l e c t e d   f rom  s a i d   i c e   and  d e t e r m i n i n g   s a i d   g i v e n  
l e v e l   t h e r e o f ;   a n d  

c o n t r o l   means   f o r   p r e c l u d i n g   the   o p e n i n g   o f  

s a i d   v a l v e   means   to  i n i t i a t e   s a i d   f l o w   i f   s a i d   g i v e n  
i c e   l e v e l   e x c e e d s   a  p r e d e t e r m i n e d   l i m i t .  

10.  An  a p p a r a t u s   f o r   a u t o m a t i c a l l y   f i l l i n g   a  

c o n t a i n e r   h a v i n g   a  g i v e n   l e v e l   of  i c e   t h e r e i n   w i t h   a  

b e v e r a g e   c o m p r i s i n g :  

a  d i s p e n s e r   o u t l e t   f o r   d i r e c t i n g   t he   f l o w   o f  

l i q u i d   i n t o   an  o p e n i n g   a t   t h e   t op   of  t he   c o n t a i n e r ,  

s a i d   o p e n i n g   b e i n g   d e f i n e d   by  a  s u r r o u n d i n g  

c o n t a i n e r   l i p ;  

u l t r a s o n i c   means   f o r   t r a n s m i t t i n g   u l t r a s o n i c  

wave  e n e r g y   t o w a r d   s a i d   c o n t a i n e r   l i p   and  t h e  

c o n t a i n e r   b o t t o m ;  

u l t r a s o n i c   d e t e c t o r   means   f o r   r e c e i v i n g  

u l t r a s o n i c   wave  e n e r g y   r e f l e c t e d   f rom  s a i d   c o n t a i n e r  

l i p   and  s a i d   i c e   t h e r e i n   f o r   g e n e r a t i n g   a  s e r i e s   o f  

l i p   s i g n a l s   and  an  i c e   l e v e l   s i g n a l ;  

l o g i c   c i r c u i t   means   f o r   g e n e r a t i n g   a  s i g n a l  

i n d i c a t i v e   of  t he   p r e s e n c e   of  a  c o n t a i n e r   o n l y   w h e n  

a  p r e d e t e r m i n e d   number   of  l i p   s i g n a l s   in  s a i d   s e r i e s  

a r e   a t   s u b s t a n t i a l l y   t h e   same  l e v e l ;  



v a l v e   means   f o r   i n i t i a t i n g   t h e   f l o w   of  s a i d  

l i q u i d   to  s a i d   d i s p e n s e r   o u t l e t   when  open  a n d  

s t o p p i n g   t h e   f low  t h e r e o n   when  c l o s e d ;   a n d  

c o n t r o l   means  r e s p o n s i v e   to  s a i d   s i g n a l  

g e n e r a t e d   by  s a i d   l o g i c   c i r c u i t   means   and  s a i d   i c e  

l e v e l   s i g n a l   f o r   o p e n i n g   s a i d   v a l v e   means   t o  

i n i t i a t e   s a i d   f l o w   of  l i q u i d   when  s a i d   g i v e n   i c e  

l e v e l   i s   b e l o w   a  p r e d e t e r m i n e d   l i m i t .  

11.  An  a p p a r a t u s   f o r   a u t o m a t i c a l l y   f i l l i n g   a  

c o n t a i n e r   h a v i n g   a  g i v e n   l e v e l   of  i c e   t h e r e i n   w i t h   a  

c a r b o n a t e d   b e v e r a g e   w h i c h   t e n d s   to   fo rm  a  h e a d   o f  

foam  d u r i n g   s a i d   f i l l i n g ,   c o m p r i s i n g :  

a  d i s p e n s e r   o u t l e t   f o r   d i r e c t i n g   t h e   f l o w   o f  

l i q u i d   i n t o   an  o p e n i n g   a t   t h e   t o p   of  t h e   c o n t a i n e r ,  

s a i d   o p e n i n g   b e i n g   d e f i n e d   by  a  s u r r o u n d i n g  

c o n t a i n e r   l i p ;  

u l t r a s o n i c   means   f o r   t r a n s m i t t i n g   u l t r a s o n i c  

wave  e n e r g y   t o w a r d   s a i d   c o n t a i n e r   l i p   and  t h e  

c o n t a i n e r   b o t t o m ;  
u l t r a s o n i c   d e t e c t o r   means   f o r   r e c e i v i n g  

u l t r a s o n i c   wave  e n e r g y   r e f l e c t e d   f rom  s a i d   c o n t a i n e r  

l i p ,   s a i d   i c e   t h e r e i n   and  s a i d   c a r b o n a t e d   b e v e r a g e  

f o r   g e n e r a t i n g   a  s e r i e s   of  l i p   s i g n a l s ,   an  i c e   l e v e l  

s i g n a l   and  l i q u i d   l e v e l   s i g n a l ,   r e s p e c t i v e l y ;  

l o g i c   c i r c u i t   means   f o r   g e n e r a t i n g   a  s i g n a l  

i n d i c a t i v e   of  t he   p r e s e n c e   of  a  c o n t a i n e r   o n l y   when  a  

p r e d e t e r m i n e d   number   of  l i p   s i g n a l s   in  s a i d   s e r i e s  

a r e   a t   s u b s t a n t i a l l y   t he   same  l e v e l ;  

v a l v e   means   f o r   i n i t i a t i n g   t he   f l o w   of  s a i d  

l i q u i d   to  s a i d   d i s p e n s e r   o u t l e t   when  open  and  s t o p p i n g  

t h e .  f l o w   t h e r e t o   when  c l o s e d ;  



f i r s t   c o n t r o l   means   r e s p o n s i v e   to  s a i d   s i g n a l  

g e n e r a t e d   by  s a i d   l o g i c   c i r c u i t   means  and  s a i d   i c e  

l e v e l   s i g n a l   f o r   o p e n i n g   s a i d   v a l v e   means  to  i n i t i a t e  

s a i d   f l o w   of  l i q u i d   when  s a i d   g i v e n   i ce   l e v e l   i s  

b e l o w   a  p r e d e t e r m i n e d   l i m i t ;  

s e c o n d   c o n t r o l   means   r e s p o n s i v e   to  s a i d   l i q u i d  

l e v e l   s i g n a l   f o r   c l o s i n g   s a i d   v a l v e   means   to  s t o p   t h e  

f l o w   of  c a r b o n a t e d   b e v e r a g e   to  s a i d   d i s p e n s e r   o u t l e t  

when  s a i d   c a r b o n a t e d   b e v e r a g e   r e a c h e s   a  p r e d e t e r m i n e d  

l e v e l   in  s a i d   c o n t a i n e r ;  

means   f o r   o p e n i n g   s a i d   v a l v e   means  to  r e i n i t i a t e  

t h e   f l o w   of  s a i d   c a r b o n a t e d   b e v e r a g e   i f   s a i d   l e v e l   o f  

c a r b o n a t e d   b e v e r a g e   s u b s i d e s   f o l l o w i n g   t h e   c l o s i n g   o f  

s a i d   v a l v e   means   by  s a i d   c o n t r o l   means  by  more   t h a n   a  

p r e d e t e r m i n e d   d i s t a n c e ,   c a u s e d   by  d i s s i p a t i o n   of  s a i d  

h e a d   of  foam;   a n d  

t h i r d   c o n t r o l   means   f o r   c l o s i n g   s a i d   v a l v e   m e a n s  

when  s a i d   l i q u i d   l e v e l   r e a c h e s   a  p r e d e t e r m i n e d  

d i s t a n c e   f rom  s a i d   c o n t a i n e r   l i p .  

12.  The  a p p a r a t u s   of  c l a i m   11,  w h e r e i n   e a c h   l i p  

s i g n a l   and  l i q u i d   l e v e l   s i g n a l   have   a  l e a d i n g   a n d  

t r a i l i n g   edge   w i t h   r e s p e c t   to   t i m e   and  s a i d   a p p a r a t u s  

f u r t h e r   c o m p r i s e s :  

f o u r t h   c o n t r o l   means   r e s p o n s i v e   to  t h e   t r a i l i n g  

edge   of  s a i d   l i p   s i g n a l   and  t he   t r a i l i n g   e d g e   of  s a i d  

l i q u i d   l e v e l   s i g n a l   f o r   g e n e r a t i n g   a  s t o p   s i g n a l   t o  

c l o s e   s a i d   v a l v e   means   when  t h e   t r a i l i n g   e d g e   of  s a i d  

l i p   s i g n a l   is   a b s e n t   and  t h e   t r a i l i n g   e d g e   of  s a i d  

l i q u i d   l e v e l   s i g n a l   is   p r e s e n t .  



13.  A  m e t h o d   f o r   a u t o m a t i c a l l y   f i l l i n g   a  c o n t a i n e r  

w i t h   a  c a r b o n a t e d   b e v e r a g e   w h i c h   t e n d s   to  f o r m   a  h e a d  

-of  foam  d u r i n g   s a i d   f i l l i n g ,   c o m p r i s i n g   t h e   s t e p s   o f :  

i n i t i a t i n g   the   f l o w   of  s a i d   c a r b o n a t e d   b e v e r a g e  

i n t o   an  o p e n i n g   in  t he   top  of  t h e   c o n t a i n e r ,   s a i d  

o p e n i n g   b e i n g   d e f i n e d   by  a  s u r r o u n d i n g   c o n t a i n e r   l i p ;  

m e a s u r i n g   t h e   l e v e l   of  c a r b o n a t e d   b e v e r a g e  

f l o w i n g   i n t o   s a i d   c o n t a i n e r ;  

s t o p p i n g   t h e   f l o w   of  c a r b o n a t e d   b e v e r a g e   i n t o  

s a i d   c o n t a i n e r   when  s a i d   c a r b o n a t e d   b e v e r a g e   r e a c h e s  

a  p r e d e t e r m i n e d   l e v e l   t h e r e i n ;  

r e i n i t i a t i n g   t h e   f l o w   of  s a i d   c a r b o n a t e d  

b e v e r a g e   a t   a  s e l e c t e d   t i m e   f o l l o w i n g   t h e   s t o p p i n g   o f  

s a i d   f l o w   to  p e r m i t   s a i d   h e a d   of  foam  to  d i s s i p a t e ;  

a n d  

r e s t o p p i n g   t he   f l o w   of   c a r b o n a t e d   b e v e r a g e   w h e n  

t he   l e v e l   t h e r e i n   r e a c h e s   a  p r e d e t e r m i n e d   d i s t a n c e  

f rom  s a i d   c o n t a i n e r   l i p .  

14.  A  m e t h o d   f o r   a u t o m a t i c a l l y   f i l l i n g   a  c o n t a i n e r  

h a v i n g   a  g i v e n   l e v e l   of  i c e   t h e r e i n   w i t h   a  c a r b o n a t e d  

b e v e r a g e   w h i c h   t e n d s   to  fo rm  a  h e a d   of  foam  d u r i n g  

s a i d   f i l l i n g ,   c o m p r i s i n g   t h e   s t e p s   o f :  

t r a n s m i t t i n g   u l t r a s o n i c   wave  e n e r g y   t o w a r d   t h e  

t o p   of  t he   c o n t a i n e r   and  t h r o u g h   an  o p e n i n g   t h e r e i n  

t o w a r d   t h e   c o n t a i n e r   b o t t o m ;  

m e a s u r i n g   u l t r a s o n i c   wave  e n e r g y   r e f l e c t e d   f r o m  

s a i d   c o n t a i n e r   t o p ,   s a i d   i c e   t h e r e i n   and  s a i d   c a r b o n a t e d  

b e v e r a g e   f o r   g e n e r a t i n g   c o n t a i n e r   l i p   s i g n a l s ,   a n  

i c e   l e v e l   s i g n a l   and  a  l i q u i d   l e v e l   s i g n a l ,  

r e s p e c t i v e l y ;  



i n i t i a t i n g   the   f l o w   of  s a i d   c a r b o n a t e d   b e v e r a g e  

i n t o   s a i d   c o n t a i n e r   o n l y   in  t h e   p r e s e n c e   of  a  l i p  

s i g n a l ,   and  an  i ce   s i g n a l   i n d i c a t i v e   of  a  l e v e l   o f  

i c e   b e l o w   a  p r e d e t e r m i n e d   l i m i t ;  

s t o p p i n g   t he   f l o w   of  c a r b o n a t e d   b e v e r a g e   to  s a i d  

c o n t a i n e r   when  the   c a r b o n a t e d   b e v e r a g e   in  s a i d  

c o n t a i n e r   r e a c h e s  a   p r e d e t e r m i n e d   l e v e l   t h e r e i n ;  

r e i n i t i a t i n g   t h e   f l o w   of  s a i d   c a r b o n a t e d  

b e v e r a g e   a t   a  s e l e c t e d   t i m e   f o l l o w i n g   t h e   s t o p p i n g   o f  

s a i d   f l o w   t o  p e r m i t   s a i d   h e a d   of  foam  to  d i s s i p a t e ;  
a n d  

r e s t o p p i n g   t he   f l o w   when  s a i d   l i q u i d   l e v e l  

r e a c h e s   a  p r e d e t e r m i n e d   d i s t a n c e   f rom  the   top   of  s a i d  

c o n t a i n e r .  
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